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Fabrication of axicons bv cw laser effusion
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The fabrication of axicons by cw laser effusion is introduced for the case of a chalcogenidc allrn,. and experi-

mental  resul ts concerning the lateral  resolut ion and the intensi ty d ist r ibut ion along Lhe opt ical  axis are

reported. A 2007 Optical Society of Amcrica
OAS cc¡c les:  220.1250. 310.  1860.

Laser deposition techniques have been focused tradi-
tionally to the use of pulsed laser sources and off-axis
target-substrate deposition configurations to grow a
number of both superconductor and semiconductor
materials for planar technologies [1,2]. T]pically, the
substrate is placed onto a rotary holder, at distances
of the order of centimeters from the starting mate-
rial, with the evaporation axis and rotation axis be-
ing noncoincident, to improve the thickness unifor-
mity of the deposited fi lms. In addition, laser
radiation impinges the material at oblique incidence
to improve the photon absorption effi.ciency in the
target, in such a fashion that interaction between the
light beam and plasma plume is reduced.

We introduce here a laser deposition approach for
the fabrication of semiconductor material deposits
with optical functionality that, unlike pulsed laser
deposition (PLD), uses cw laser sources and on-axis
geometry, with target and substrate facing parallel to
each other and close to each other, as illustrated in
trig. 1. The aim of the present Letter is to demon-
strate the success of this original configuration for
the fabrication of axicons and to report preliminary
evidence of its performance, as well as the character-
ization of these particular optical structures, in the
particular case of using a chalcogenide alloy as start-
ing rnaterial. It is to be highlighted here that the use
of axicons, and hence the departure from traditional
diffraction-limited beam propagation, is rapidly ad-
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vancing many applications including confocal imag-
ing and optical trapping [l]-81, which, to our mind,
support the interest of the present work.

Samples reported here were fabricated according
to the on-axis geometry shown in Fig. 1, using a cw
|id:WO4 sourc€ emitting TEM00 laser radiation at
\=532 nm wavelength (Coherent, model Verdi V6)
and As21¡Ss11 glass as starting material. This amor-
phous chalcogenide alloy was originally synthesized
in bulk form from their 5l/-purity constituents by
conventional melt quenching in air. Structural and
electronic studies of this particular alloy, as well as
other composition within the As'.S1¡¡¡-.. corrrpositional
l ine, have been previously reported by the authors in
[9]. Target material was made in tablet form, 13 mm
in diameter and about l rnm in thickness, from this
bulk alloy, and it was synthesized from the glass pow-
der by pressing 125 mg of the starting material at
10 tons for 5 min with the help of a pneumatic press.
It has been checked that the absorption of the laser
radiation in the target material was improved by the
surface roughness of the tablet, in comparison with
the effect observed in the specular surface of the
bulk. Depositions were performed onto transparent
glass substrates (BDH, model Superpremium), in
10-5 mbar vacuum, using a coll imated laser beam
with 4 mm diameter Gaussian cross section at l le2
intensi ty.  Substrates were placed at  1.9+0.1mm
from the target. Deposited samples were checked to
be amorphous by x-ray diffraction (Bruker, model DB
Advanced). No compositional changes were observed
between the starting material and the deposits, as
evidenced by energy dispersion spectroscopy per-
formed in a scanning electron microscope (FEI, model
Quanta 200).

The thickness profi le of the deposits was measured
with a stylus-based profi lometer (Veeco, model Dek-
tak B), and the one corresponding to a deposit fabri-
cated with 300 mW power and 12 s time is shown in
F ig. 2. This deposit was checked to have circular sym-
metry, and its radial thickness dependence fits the
equation

A
t ( r )  =  

l l  .  v r " ) ' t l '  
(1 )

with r being the radial distance to the center of the
deposit, A the top thickness at r=0, and c¿ the dis-
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F1g, 2, Experimental thickness data (circles) measured
with the profilometer. The solid curve is the theoretical
thickness profile for a deposit obtained from a rnaterial
emission source following the Lambert cosine law. The
nrathematical function for the thickness profi le, t(r), and
values for the fitt ing parameters a and A are indicated.

tance from the effusion source to the substrate. In
particular, experimental data of Fig. 2 fit trq. ( 1) with
a-L.5 hh, which agrees with the above-mentioned
experimental substrate-target distance of about
1.9 mm. Differences between these values remain to
be clarif ied in the course of the research, which could
be related with possible deformations of the target
surface due to light-induced heating.

Equation (1) comes from the well-known Lambert
cosine law, which rules the mass emission in the ef-
fusion process t101. This emission process verif ies in
Knudsen ceils and also in the .o-.uli"d Knudsen lay-
ers occurring in laser evaporation [11]. The Knudsén
layer occurs immediately above the iarget material
and it is widely reported to have a thicÉness of the
order of the molecular mean free path, with typical
values of the order of mil l imeters at high vacuum
( t0-s -  10-e  mbar ) .

The analysis of the optical field through arong the
optical axis for the profile given in trq. It i hur been
d.eveloped !v one of the authors undei the assump-
tions of a homogeneous dielectric material with rb-
fractive index n, an input Gaussian beam with diam-
eter (r at 1 /g, intensity, and fully coherent
il lumination [12]. In such a-case, it has t""., shown
that the intensity f ield presents a minimum lateral
resolution (characterized here as the full width at
hal f -maximum), uni in :  4.87 a l fkA(n- 1)] ,  occurr ing
at distance fo=541725 a2/ lA(n-I) ] ,  meásured from
the optical structure; h stands for the wavenumber
2rr / l t .

It is worth mentioning that the slope of the inten-
si ty on the opt ical  axis,  i .e. ,  d1(0 , ,2) /d) ,  has also been
shown tq be dependent on the input l ight beam diam-
eter, r¡. This effect, which has also been reported for
axicons and lens axicons fabricated by other means
[5,8], gives these optical structure. uáditional func-
tionalit ies, as the dynamic control of the intensity
gradient.along the optical axis by just using u di_
namic iris, for instance, and also the possib"ii i ty ;f
keeping both the lateral resolution and ihe intensity
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practically constant within the focal region, as it oc-
curs in the case of logarithmic axicons t5l. a. already
mentioned, all the details about the theoretical
anaiysis of the optical f ield behind these particular
optical structures obtained from a Lambertian evapo-
ration source can be found in t121.

Continuing with the experimental report, tr ig. B
shows the spatial l ight-iniensity distribution aiong
the optical axis for a 4 mm diameter Gaussian .rorI
section, 532 nm wavelength, input laser beam after
passing through. the deposit shown in Fig. 2. The spa-
tial light-intensity distribution along thé optical axis
was recordgd_ ay means of a beam--profile^ anaryzer
based on a CCD 0rtrewport, model fgÉ_Z_USBl, wLlÁ
was posted onto a l inear translation stage with
25 mm travel (Newport, model M-428), and manual
actuator with r pm precision (Newport, model sw-
2_5). snapshots were taken at differe.rt dirtu.rces from
the optical device, as indicated in the figure. Results
show nondiffracting zero-order Bessel-ivp" distribu-
tions in the output laser intensity, u. .*i".ted for a
Gaussian beam passing through ár, u"ico.r.

on the other hand, the laterál resolution measured
along_the optical axis, within the focal region, is i l lus-
trated in Fig. 4(a) for the refractive optiáal structure
of Fig. 2. A minimum lateral resolution of ru'.1n
:37 pm, occurring around a distance fo=65 -;;
measured from the optical structure, is no[ióed in the
plot, and it is to be mentioned that no changes in the
lateral resolution have been detected when"charrgi.rg
the input beam diameter.

The inten_sity profile arong the optical axis has
been derived from the spatiuf int"nriiy distributions
measured with the ccD from the coloi-coded images
recorded. These data have been normalized with 

"re-

spect to the in_tensity at fo, and they are plotted in
Fig. 4(b. In this case, significant áifferences have
been observed in these -éus.r."ments when the in-
put beam diameter, (r, was reduced by an iris [b]. T\¡¡o
il lustrative sets of data for o-2 mm ánd .,= 1 mm are
shown in this figure. As expected, values of the inten-
sity have been observed todecrease at the end of the
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Fig. 3. (color onl ine) Spatial- intensity distr ibution behind
the refractive optical structure of nlg. z at different dis-
tances on the optical axis, for 582 nm input laser radiat ion.
Bessel-type curves are noticed in the intensity spatial dis-
tr ibution. Due to the characterist ics of the ¡éu--á"ulyzer
software, curves are normalized to the corresponding maxi-
mum intensity. Lateral resolutions within thl focal region,
measured from the curves, ancl dimensions of the iniage
squared frames are indicated in micrometers.
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mated from the theoretical analysis of the experi-
mental data, on the basis of the theory. This value is
larger than the value of 2.3 reported for the same al-
loy prepared by both bulk and plasma-enhanced
chemical vapor deposition. Keeping in mind the evi-
dences of no changes in composition, this result sup-
ports a different structural scenario occurring in the
deposits. More research is currently under develop-
ment concerning the material characterization, and
results wil l be given in due course.

In conclusion, differently from conventional milling
and polishing techniques for optics fabrication, and
also differently from expensive lithographic tech-
niques imported from microelectronic technology [8],
the present Letter probes the fabrication of these op-
tical devices by cw laser effusion. The present results
thus suggest an interesting way for the low-cost fab-
rication of axicons, and preliminary results of its
demonstration are reported here. Due to this jour-
nal's manuscript-length restrictions, and keeping in
mind that the aim of this Letter is to introduce to re-
searchers in the field a new approach for the fabrica-
tion of axicons, more results wil l be given elsewhere.
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Fig.4. (a) Lateral resolution and relative intensitv fbr two
different values of the (b) input beam diameter, measured
through along the optical axis. Error bars in (a) har..e been
derived from the Bessel curves derived from two perpen-
dicular tracks (horizontal and vertical) on the correspond-
ing 2D images il lustrated in Fig. 3. Intensity values in (b)
have been normalized with respect to the intensit.y at flt
=65 mm. Dashed curves in both figures are the theoretical
values expected according to the theory described in 1121.
Experimental points in (b) have been joined by thin clrrves
for the sake of comparison with the theoretical curves.

focal region when energy couples diffraction orders
higher than zeroth order.

Theoretical curves for the minimum lateral resolu-
tion, umin, and normalízed intensity along the optical
ax is  have a lso  been p lo t ted  in  F igs .4 t¿ i )and z1{b) ,  re -
spectively. In general, there is observed to be a good
agreement between theory and experiment, and dif-
ferences are assumed to be mainly related to the in-
trinsic uncertainties of our experimental setup. Nev-
ertheless, more research and better facil i t ies are
expected to throw light on the mechanisms, as well
as on the optical performances of the optical struc-
tures fabricated according to the methodology intro-
duced here.

Finally, it is worth noting that a value for the re-
fractive index of n=2.6, at 532nm. has been esti-

55 7060


